Aim: Forkhead box M1 (FoxM1) is a transcription factor that plays important roles in the pathogenesis and progression of human cancers, including hepatocellular carcinoma (HCC). The aim of this study was to examine the involvement of FoxM1 in the anti-cancer action of sorafenib, a multikinase inhibitor, in human HCC cells. Methods: HCC cell lines HepG2 and HuH-7 were tested. Cell viability was examined using MTT assay and cell invasion was determined with Transwell migration assay. The relevant mRNA expression was determined with RT-PCR, and the proteins were detected using Western blotting and immunofluorescence assays. RNA interference was used to modify the expression of p53 and FoxM1. HuH-7 cell line xenograft mice were used for in vivo study, which were treated with sorafenib (40 mg/kg, po) daily for 3 weeks. Results: Sorafenib (2-20 μmol/L) inhibited the proliferation of the cells in dose-and time-dependent manners with an IC 50 value of nearly 6 μmol/L at 48 h. Sorafenib (6 μmol/L) markedly suppressed the cell invasion. Furthermore, sorafenib (2−6 μmol/L) dose-dependently decreased the expression of FoxM1, MMP-2, and Ki-67, and up-regulated that of p53 in the cells. Silencing p53 abolished the decrease of FoxM1 and increase of p53 in sorafenib-treated cells. Silencing FoxM1 significantly reduced the expression of MMP-2 and Ki-67, and enhanced the anti-proliferation action of sorafenib in the cells, whereas overexpression of FoxM1 increased the expression of MMP-2 and Ki-67, and abrogated the anti-proliferation action of sorafenib. In the xenograft mice, sorafenib administration decreased the tumor growth by 40%, and markedly increased the expression of p53, and decreased the expression of FoxM1, MMP-2, and Ki-67 in tumor tissues. Conclusion: Sorafenib inhibits HCC proliferation and invasion by inhibiting MMP-2 and Ki-67 expression due to up-regulation of P53 and suppressing FoxM1.
Introduction
Hepatocellular carcinoma (HCC) is the fifth most common carcinoma and the third leading cause of cancer-related death worldwide. During the past decades, the incidence of HCC has increased. At an early stage, surgical resection is the most effective treatment. Other treatment options include orthotopic liver transplantation (OLT) and radiofrequency ablation (RFA). Following tumor resection, the HCC recurrence rate can be as high as 50% at 2 years [1] . Most HCC patients are at an advanced stage of disease at the time of diagnosis. In these cases, systemic pharmacotherapy is the primary treatment. However, the long-term effectiveness of most chemotherapeutic drugs is often hampered by the development of acquired drug resistance [2] . Several medical centers have provided data showing that traditional systemic chemotherapy is poorly tolerated and yields low objective response rates (<10%) without a proven survival benefit. Acquired chemo-resistance has significantly limited clinical applications of drug therapies and may contribute to the high recurrence rate. Therefore, it is necessary to investigate the molecular pathogenesis of HCC to develop novel targeted therapies against this fatal disease.
Recently, clinical investigations have shown that sorafenib, a multikinase inhibitor, may represent a breakthrough in the treatment of HCC, particularly unresectable HCC [3] . Sorafenib has been approved by the Food and Drug Administration (FDA), has been shown to be effective against several solid tumors and is a standard treatment for HCC [4] . Previous studies have reported that sorafenib blocks platelet-derived growth www.nature.com/aps Wei JC et al Acta Pharmacologica Sinica npg factor (PDGF), vascular endothelial growth factor (VEGF), Fms-like tyrosine kinase-3 (FLT3), c-Kit, and Raf signaling [5] in both tumor cells and the surrounding endothelial cells [6] . The underlying mechanism is believed to involve competitive inhibition of ATP binding to the catalytic domains of the various kinases [7] . Preclinical experiments have shown that sorafenib has strong anti-proliferative properties and decreases tumor invasion. Apoptosis induction is also believed to mediate the anti-cancer effects of sorafenib in HCC cells. A previous study demonstrated that the down-regulation of the anti-apoptotic protein myeloid cell leukemia 1 (Mcl-1) and inhibition of eukaryotic translation initiation factor 4E (eIF4E) phosphorylation contribute to sorafenib-induced apoptosis [8] . However, because triggering apoptosis by deleting Mcl-1 alone in solid tumor cells is often insufficient, the anti-cancer mechanism that underlies the effect of sorafenib has not yet been completely elucidated.
Forkhead box M1 (FoxM1), a member of the Forkhead box (Fox) family of transcription factors, has been reported to play important roles in the pathogenesis and progression of many human cancers, including HCC [9, 10] . Suppression of FoxM1 expression can lead to mitotic spindle defects, chromosome disaggregation, mitotic catastrophe, and cell cycle arrest [11] . FoxM1 is a key regulator in the G 1 /S and G 2 /M transitions and M phase progression. FoxM1 has roles in cross-talk with multiple oncogenic signaling pathways [12] and regulates the expression of several cell cycle regulators, including p21
Cip1 , p27 Kip1 , cyclin B, CDC25B, aurora B kinase, survivin, and pololike kinase-1 (PLK1) [13] . In addition, the phosphorylation of FoxM1 via the Raf/MEK/MAPK pathway stimulates FoxM1 nuclear translocation and thereby its transcriptional activity during G 2 /M [14] . Evidence has suggested that FoxM1 is a reliable target for arresting cancer growth and progression. In carcinogenic mouse models, the depletion of FoxM1 can significantly reduce cancer cell proliferation and tumor growth in many solid tumors. By contrast, a marked increase in the proliferation, number and size of tumors was observed when mice with the FoxM1 transgene were subjected to tumor induction by carcinogens [15] . FoxM1 can promote tumor angiogenesis by activating VEGF expression through direct binding to Forkhead binding elements (FHRE) of the VEGF promoter [16] . Down-regulation of FoxM1 has been shown to inhibit invasion and angiogenesis by reducing MMP-2 and MMP-9 expression [17] . Previous studies have reported that senescence was observed in embryonic fibroblasts derived from FoxM1 knockout mice and that increased levels of FoxM1 counteracted H 2 O 2 -induced senescence [18] . Recent studies have revealed that FoxM1 participates in determining anti-cancer drug sensitivity and may promote the development of acquired drug resistance if aberrantly activated or expressed [19] [20] [21] . In this study, we found that sorafenib kills HCC cells in vitro and in vivo by suppressing FoxM1 through the up-regulation of p53. Our results shed light on the anti-cancer mechanism of sorafenib and provide a framework within which FoxM1 can be manipulated to improve the efficacy of targeted therapy.
Materials and methods

Cell culture and drugs
The human HCC cell lines HepG2 and HuH-7 were purchased from Cell Bank of Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences (Shanghai,China) and maintained in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS) in a humidified atmosphere of 95% air and 5% CO 2 at 37 °C. Sorafenib was obtained from Bayer Pharmaceuticals Corporation. Sorafenib was dissolved in DMSO at a concentration of 100 μmol/L for storage and was formulated at various concentrations (from 0 to 20 μmol/L) for cell culture and in vivo studies. Cells were incubated with a sub-IC 50 concentration of sorafenib. The IC 50 values of each drug had been determined in previous experiments. All of the dosing solutions were prepared on the day of use with endotoxin-free distilled water and were vortexed immediately.
Cell viability assay
The HepG2 and HuH-7 cells were seeded at a density of 3000 cells per well in 96-well microtiter culture plates and incubated in DMEM with 10% FBS overnight. In the following day, the cells were treated with increasing concentrations of sorafenib. The controls received DMSO at a concentration equal to that of the sorafenib-treated cells. The effect of sorafenib pretreatment on cell viability was examined by the MTT assay.
Western blot analysis
Various concentrations of sorafenib were added to the cells that were incubated in six-well plates, and then the cells were harvested after 0, 12, 24, or 48 h of treatment. The cells were washed twice in PBS, and lysates were prepared by suspending the cells with RIPA lysis buffer including protease and phosphatase inhibitors. The concentration of total protein was calculated using the Bio-Rad Protein Assay (Bio-Rad, Hercules, CA, USA). Equal volumes of protein samples were separated by 10% SDS-PAGE gel electrophoresis, followed by transfer to polyvinylidene difluoride membranes. Membranes were blocked in 5% BSA and incubated at 4 °C overnight with the following polyclonal antibodies: rabbit anti-FoxM1 (1:400; Santa Cruz Biotechnology), rabbit anti-mmp2 (1:200; Santa Cruz Biotechnology), rabbit anti-ki-67 (1:400; Santa Cruz Biotechnology), and mouse anti-β-actin (1:200; Santa Cruz Biotechnology). Appropriate horseradish peroxidase-conjugated secondary antibodies were applied. Signals were visualized using an enhanced chemiluminescence detection system (BioRad). The quantitation of protein expression was performed using Imagelab software (Bio-Rad).
Real-time PCR Total RNA from cells was isolated by TRIzol (Invitrogen) according to the manufacturer's protocol, and cDNA was synthesized using reverse transcriptase (Bio-Rad). Equal amounts of cDNA were used for all of the PCR assays (Promega). The forward and reverse primers used were 
Cell invasion assay
Cell invasion assays were performed using a Matrigel-coated transwell invasion chamber (BD Bioscience) according to the manufacturer's protocol. Briefly, the cells were pretreated with sorafenib for 48 h and then were trypsinized and resuspended in DMEM containing 0.1% bovine serum albumin. Next, the cells were added to the upper chambers at a concentration of 2.5×10 4 cells per well. DMEM containing 5% FBS was added to the lower chambers as a chemoattractant. After 24 h, the invaded cells on the membrane's undersurface were stained with Giemsa's solution and counted in 5 fields per well. All of the experiments were conducted in triplicate and repeated twice.
Immunofluorescence
After appropriate treatment in six-well plates, the cells were fixed with ice-cold methanol for 10 min and permeabilized with 0.5% Triton X-100. Next, the samples were stained with rabbit monoclonal anti-FoxM1 antibody (Santa Cruz Biotechnology) overnight at 4 °C and washed with PBS. For the immunofluorescence assay, the samples were incubated with FITC (green)-conjugated secondary antibodies (1:1000; Pierce, Rockford, IL, USA) and then observed with a laser scanning microscope (Olympus, Tokyo, Japan) using a magnification of 200×. Nuclei were counterstained with DAPI. At least 6 randomly selected fields were examined in each of three separate experiments.
RNA interference HCC cells were transfected with FoxM1 shRNA (GenePharma, Shanghai, China) and FoxM1 cDNA (GenePharma). To determine the role of FoxM1 in sorafenib treatment, we established two stable cell lines, HuH-7 LV-FoxM1 and HuH-7 LVshFoxM1, after lentivirus transduction. After 3 hours of incubation, cells were seed at a desired density in fresh medium and grown for the purpose of the experiment. HepG2 and HuH-7 cells (2×10 6 cells/mL) were infected with lentivirus at an MOI of 10, respectively; at the same time, an empty carrier group and a blank control group were set up. Cells were seeded in 10-cm plates and grown in medium supplemented with 1 mg/mL of G418 for 14 d. The transfection liquid was discarded, and the medium was changed. Cells were then seeded in 96-well plates at a low density (0.3 cell per well) to generate single-cell-derived colonies. The percentage of infected cells in each stable transformed cell line was calculated based on examination under an inverted fluorescence microscope (TE2000U; Nikon, Japan). A single-cell clone was transferred into a 24-orifice plate and allowed to expand, and the resulting cells were screened by G418 (500 µg/mL) for two months. Stable transfection of the clone cells could be obtained about two months later and were demonstrated by flow cytometry (Bio-Rad, CA, USA). Predesigned small interfering RNAs (siRNAs) that targeted p53 and Raf with scrambled sequences were purchased from GenePharma. Transfection was performed using the commercial protocols outlined by GenePharma. The growth of transfected cells with and without treatment was measured using the MTT assay.
Tumor xenograft experiment
The protocol for the in vivo studies was approved by the Institutional Animal Care and Use Committee of the College of Medicine, Xi'an Jiao tong University. Nude mice (6-8 weeks old) were purchased from the Laboratory of Animal Breeding and Research Center, Xi'an, China. The mice were inoculated subcutaneously (sc) at the right axilla with 1×10 6 HuH-7 cells in serum-free medium containing 50% Matrigel (BD Biosciences; final volume, 0.1 mL). The tumor volume was calculated using the following formula: volume (mm 3 )=w 2 ×l×0.5, where w and l refer to the smaller and larger dimensions collected at each measurement, respectively. The mice were then treated with orally administered sorafenib (n=3, 40 mg⁄ kg per day) or a mock control (n=3) for 3 weeks. The tumor volume and body weight were recorded every 5 d.
Immunohistochemistry (IHC)
The samples were fixed in 10% formalin, embedded in paraffin, and sectioned (5 μm) for immunohistochemistry. The tumor sections were incubated (65 °C, 1 h), deparaffinized, steamed (100 °C, 120 atmospheres, 40 min) for antigen retrieval, treated with 3% H 2 O 2 in methanol for 10 min, blocked with rabbit monoclonal anti-FoxM1 antibody serum (diluted 1:20 in antibody diluent buffer; DAKO) and incubated with the primary antibodies (overnight, room temperature). Staining was performed using the Envision Plus HRP system from DAKO (Carpinteria, CA, USA) according to the manufacturer's protocol and counterstained with hematoxylin. The number of positive cells in the tumors was counted manually under a light microscope. Four fields per section were analyzed, excluding peripheral connective tissue.
Statistical analysis
Experiments were conducted in triplicate. Quantitative data are expressed as the mean±SD. Comparisons were calculated using Student's t-test. P-values were considered significant at <0.05. Figure 1B ). Both cell lines were exposed to sorafenib at 6 µmol/L. After 24 h, the invaded cells on the membrane's undersurface were stained. A marked decrease in cell invasion was observed ( Figure 1C and 1D) . These data suggest that sorafenib can significantly inhibit cell growth and invasion in HCC cell lines. Previous studies have demonstrated that down-regulating the expression of FoxM1 can inhibit proliferation in various cells. We chose to further investigate the functional role of FoxM1 following sorafenib treatment in HCC cell lines.
Results
Cell proliferation and invasion are inhibited by sorafenib
Sorafenib down-regulates FoxM1 levels
To investigate the effect of sorafenib on FoxM1 expression, we examined the relative mRNA levels of FoxM1 in these two cell lines using real-time RT-PCR, and the expression of FoxM1, which was determined using Western blot analysis, was used to confirm the results. The FoxM1 mRNA levels and expression of FoxM1 protein were markedly reduced by sorafenib compared with control cells in a time- (Figure 2A and 2B) and dose-dependent ( Figure 3A and 3B) manner. These data indicate that sorafenib partly inhibits HCC cell growth through the down-regulation of FoxM1.
p53 plays a role in the effect of sorafenib on FoxM1
To reveal the effects of down-regulating FoxM1 by sorafenib treatment, we tested other factors associated with cell proliferation and invasion. The mRNA levels of Ki-67 and MMP-2, Figure 1 . Sorafenib significantly inhibits the proliferation and invasion of HepG2 and HuH-7. The cell lines HepG2 and HuH-7 were exposed to sorafenib at increasing concentrations at 48 h. The IC 50 concentration was approximately 6 µmol/L (A). Cell proliferation was mostly inhibited at 48 h when both cell lines were exposed to sorafenib at 6 µmol/L (B). To eliminate the influence of cell death on the experiment, we included the control group without sorafenib treatment. The cell viability of the control group was set at 100% and was compared with that of other groups. The working concentration of sorafenib is 6 µmol/L. The effect of sorafenib on cell invasion was tested by the Transwell assay (C). The number of positive cells is presented in (D). To each well of 24-well microtiter culture plates was added 500 µL of medium that was used for cell invasion assay, and the volume of the 96-well microtiter culture plates used for the MTT assay was 100 µL per well. The experiment shown is representative of at least three separate experiments.
Statistical significance was defined as b P<0.05.
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Acta Pharmacologica Sinica npg which have been reported to promote cell survival, were decreased. These results were supported by Western blotting. However, p53 was elevated as determined by both real-time PCR and Western blotting ( Figure 3A and 3B). These results suggest that the influences of sorafenib on HCC cell progression are partly mediated through the down-regulation of FoxM1, which can affect the expression of many other factors. To further explore the role of p53 in sorafenib-induced inhibition of FoxM1, we applied p53-specific siRNA to examine the influence of sorafenib. Silencing p53 promoted FoxM1 expression ( Figure 4A ) in the two HCC cell lines. However, no obvious differences were observed in p53 and FoxM1 expression with combined siRNA and sorafenib treatment ( Figure  4B ). The effect of sorafenib on FoxM1 appears to occur in a p53-dependent manner.
Sorafenib decreases HCC cell invasion and proliferation by inhibiting MMP-2 and Ki-67 expression through FoxM1 downregulation
The above results indicated that sorafenib inhibits the expression of FoxM1. As shown in Figure 3A , sorafenib apparently inhibits both the invasion and proliferation of HCC cells. The Figure 5A ). However, this trend was reversed after FoxM1 cDNA transfection ( Figure 5B ). We concluded that down-regulation of FoxM1 in HCC cells treated with sorafenib also leads to decreases in MMP-2 and Ki-67 levels.
Down-regulation of FoxM1 expression by shRNA can sensitize HCC cells to sorafenib
To determine the functional relevance of sorafenib-mediated alterations of FoxM1 expression in HCC cells, the effect of FoxM1 shRNA on cell viability was examined in HepG2 and HuH-7 cell lines using the MTT assay. Sorafenib treatment or shRNA transfection decreased the viability of HCC cells.
Interestingly, FoxM1 knockdown by shRNA in HepG2 cells led to a >70% reduction in cell viability when used in combination with sorafenib treatment ( Figure 6A ). This effect was also observed in HuH-7 cells ( Figure 6B ). Collectively, these results indicate that targeting FoxM1 provides a method of sensitizing HCC cells to sorafenib treatment.
Overexpression of FoxM1 by cDNA transfection enhances sorafenib resistance
To study further the function of FoxM1 in HCC therapy, we transfected FoxM1 cDNA into HepG2 and HuH-7 cells which had been treated with sorafenib. FoxM1 expression was upregulated, resulting in a significant increase in cell growth and a decrease in sorafenib-induced cell inhibition. After 48 h of sorafenib treatment alone, the viability of the two cell lines was inhibited by approximately 50%, whereas the proliferation of FoxM1 cDNA-transfected cells did not show any sig- Figure 4 . Regulation of p53 expression by siRNA, followed by sorafenib treatment. p53 down-regulation by siRNA can enhance FoxM1 expression in hepatoma cells (A). Down-regulation of p53 by siRNA, followed by sorafenib treatment as measured by Western blotting. p53 and FoxM1 expression was determined (B). Equal sample loading was verified by stripping the blots and re-probing with the anti β-actin antibody. The band density of each protein was normalized with β-actin and expressed as the mean±SD compared with the controls from 3 independent experiments. The experiment shown is representative of at least three separate experiments. Statistical significance was defined as b P<0.05. (Figure 6C and 6D). These data suggest that FoxM1 plays an important role in the resistance to sorafenib in HCC cell lines.
Sorafenib down-regulates FoxM1 in vivo
Sorafenib significantly inhibited tumor growth by 40% ( Figure 7B ). FoxM1 down-regulation also reduced tumor size ( Figure 7A ). However, the reduction was more significant in the HuH-7-FoxM1-shRNA stable cell group used in the xenograft model ( Figure 7C ). This reduction was not significant when FoxM1 expression was up-regulated in combination with sorafenib treatment ( Figure 7D ). To explore the underlying mechanism, we tested FoxM1 by IHC ( Figure  7E ) and found that FoxM1 was clearly reduced. We further investigated the expression of effectors of FoxM1, such as MMP-2 and Ki-67, and found that their levels were decreased. However, p53 expression was elevated. These data suggest that FoxM1 is one of the most important molecular targets by which sorafenib potentiates its antitumor activity.
Discussion
The forkhead box family, which consists of more than 50 mammalian proteins including FoxM1, is important for a wide spectrum of biological processes, including metabolism, proliferation, apoptosis, migration, invasion, and longevity [19] . FoxM1 is an oncogenic transcription factor that is overexpressed in various aggressive human cancers, including HCC [10] . Several studies have suggested that FoxM1 is a critical regulator of cell cycle progression. Furthermore, the activation of FoxM1 up-regulates its downstream target genes, resulting in the activation of cell proliferation, migration, invasion, and angiogenic processes, and also plays important roles in organogenesis, senescence and tumorigenesis [13, 22] . In vitro, the deletion of FoxM1 leads to cell cycle arrest and is associated with mitotic spindle damage. In vivo, the loss of FoxM1 results in lethal embryonic effects due to the failure to enter mitosis. Interestingly, recent studies have indicated that FoxM1 is a valid target in drug-resistant tumors and that down-regulation of FoxM1 can sensitize tumor cells to drug treatment [20, 21] . The addition of a FoxM1 inhibitor to chemotherapeutic regimens could lead to the use of lower effective doses and reduced side effects for patients. These studies indicate that FoxM1 is an attractive target for HCC therapy. Furthermore, recent studies have shown that FoxM1 overexpression is correlated with multiple malignant characteristics and indicates a poor prognosis for HCC patients after curative liver resection [23] . In addition, some pathological factors that contribute to the activation of FoxM1, such as chronic infection with hepatitis B virus, are also risk factors for HCC recurrence [24] . Several studies have investigated FoxM1 inhibitors. The antibiotics siomycin A and thiostrepton have been shown to [25] . One study reported that FoxM1 was inhibited by gefitinib [26] , an EGF receptor inhibitor. Another study showed that docetaxel significantly down-regulated FoxM1 [27] . Several proteasome inhibitors that have been clinically used have also been shown to down-regulate FoxM1 [28] . Furthermore, a p19 ARF peptide that significantly inhibits FoxM1 transcriptional activity efficiently diminished HCC proliferation and induced apoptosis of the HCC region in FoxM1 transgenic mice.
The multikinase inhibitor sorafenib has been approved by the FDA to treat HCC, particularly unresectable HCC [3] . A previous study demonstrated that sorafenib significantly suppressed postsurgical intrahepatic recurrence and abdominal metastasis in an orthotopic HCC xenograft mouse model [29] . Sorafenib has frequently been shown to improve the surgical outcome of patients who have undergone HCC resection by effectively inhibiting tumor relapse and metastasis. Previous studies have reported that sorafenib blocks the Raf, PDGF, VEGF, FLT3, c-Kit, and MAPK signaling pathways [5] . Other reports have demonstrated that FoxM1 is the downstream target of MAPK signaling [30] , which can stimulate the nuclear translocation and transactivation activity of FoxM1. Theoretically, sorafenib can affect FoxM1 expression in HCC cells. However, the relationship between FoxM1 and sorafenib had not yet been demonstrated. FoxM1 plays an important role in cell cycle regulation [31] . Recent studies have shown that the prognosis and tumor recurrence may be associated with the expression of FoxM1, whose up-regulation can promote tumor proliferation by helping cells overcome the G 1 -S checkpoint [32] . Our in vitro experiments suggest that sorafenib affects the expression of cell cycle regulatory factors, including E2F, CDK2, C-MYC, p53, and p27, all of which are FoxM1 targets. Previous studies have shown that E2F, CDK2, CDK4, and C-MYC promote cancer progression [33] . p27 and p53 have been shown to arrest the cell cycle and inhibit cancer cell proliferation [34] . These results suggest that sorafenib inhibits the growth of HCC cells through cell cycle arrest and inhibits proliferation by suppressing FoxM1. To validate the relationship between sorafenib and FoxM1, we designed an in vivo experiment. We found that sorafenib showed dose-dependent antitumor activity in a murine xenograft model of human HCC that was accompanied by FoxM1 down-regulation.
The efficacy of sorafenib for treating HCC has been established in multicenter, phase III, double-blind, placebo-controlled trials. In some patients, tumor shrinkage appears to be less effective than expected [35] . In addition, a growing number of publications have reported complications associated with sorafenib treatment [36] . The occurrence of these adverse events may be prevented if the dosage of sorafenib required for effective treatment can be reduced. Therefore, it is necessary to select available targets that will improve the efficacy of chemotherapy so that these patients can benefit from sorafenib therapy. Recent studies have shown that FoxM1 contributes to chemotherapy resistance [20, 21] . Another study demonstrated that FoxM1 mediates the gefitinib-induced proliferative arrest and determines sensitivity to gefitinib [26] . In our study, a high level of FoxM1 protein was correlated with sorafenib resistance in HCC cells. The HCC cells that expressed different levels of FoxM1 reacted differently when exposed to sorafenib. High FoxM1 expression was found in sorafenib-resistant cells, whereas low levels were observed in the comparatively sorafenib-sensitive cells. These findings highlight an important molecular mechanism of action by which sorafenib enhances the therapeutic efficacy of cytotoxic agents. Therefore, FoxM1 has emerged as an attractive therapeutic target in chemotherapy resistance.
